Metallothioneins are a family of heavy metal binding proteins with a large degree of sequence homology that is conserved throughout the animal kingdom. They are cysteine-rich, single-chain proteins of low molecular weight (6000 daitons). l -4 There are two isoforms of metallothionein (MT) in mammals: MTl and MT2. 5 MT plays a crucial role in metal transport, 6 -8 mineral nutrition9 and detoxification of metals and other chemicals, in embryonic development, cellular differentiation and cell proliferation?,l O but also in carcinogenesis.
MT genes are generally highly inducible. MT synthesis is induced by group II b heavy metal ions9,1 l (Zn, Cu, Kd), glucocorticoids, growth factors, cytokines, interferon, interleukin 1, vitamin D, divalent heavy metal hormones and tumour promoters.1 2 ,13 MTs are not normally expressed constitutively in tissues in amounts detectable by immunohistochemistry, except for a few specific cell types. Furthermore, MTs are implicated in any form of stress or injury (inflammation, ischaemia, ionising radiation, ultraviolet (UV)-damaged DNA, alkylating agent cytotoxicity), providing a cytoprotective mechanism against potential damaging effects of oxygen-derived free radicals.9 This is in accordance with recent studies which have indicated photoinduction of MT in mouse skin, but also in human skin in vivo, by UV irradiation.s On the other hand UV radiation has been positively correlated with the formation of pterygium as well as certain other eye diseases.14-1 6 More specifically there is still much controversy concerning the aetiology and pathogenesis of pterygium. Heredity and genetic predisposition, climatic conditions, chronic irritation and immunological mechanisms can induce the disease.1 6 -2o But broadband UV radiation (290-400 mm) is probably still the most incriminated factor that has long been implicated in the pathogenesis of pterygium.14, 15, [21] [22] [23] Recently, ozone layer depletion has focused attention on the biological consequences of increased UV insolation, and increased prevalence rates for pterygium have been predicted.18,24 Under these circumstances further information about the intracellular activities and the biological behaviour of the lesion may be of strong interest.
With these points in mind we investigated in the present study the immunohistochemical expression of MT in a series of 85 pterygia as well as 15 pingueculae, and 20 nasal epibulbar conjunctivae. To further elucidate the mechanism of MT expression we detected immunohistochemically, and also studied the possible correlation of, a number of other factors:
1. PCNA (proliferating cell nuclear antigen) and Ki67 antigen (MIB1), as indicators of cell proliferation. 2. S100 protein as an indicator of Langerhans' cells (antigen presenting cells involved in T-cell activation and delayed type hypersensitivity). 3. T4 and T8 subsets and also CD68 infiltrations (macrophages), as indicators of inflammation.
Materials and methods
Pterygial tissues were obtained during pterygium surgery of 85 patients in a period of almost 3 years. Nine of these pterygia were recurrent ones. Seventy-six of the patients were in outdoor occupations, in particular agricultural work. Forty were men and 45 were women of ages that varied between 31 and 85 years (mean age 61 years). Except for topical anaesthetic no medicine or other chemical agent was used during pterygium excision. The same surgeon treated all cases. The control tissues used were nasal epibulbar conjunctivae close to the limbus taken during their cataract or retina surgery from 20 patients (mean age 62 years) with no history of eye disease or use of ocular drugs in the past.
We also used as control tissues pingueculae of 15 patients (mean age 60 years), which were taken either during cataract surgery or during an autonomous pinguecula excision, in cases where the hyperplastic lesion caused problems (irritation, chronic inflammation, dellen or cosmetic annoyance).
All sections of specimens were processed by standard techniques to paraffin wax, after fixation in formalin 10%, stained with haematoxylin and eosin, and viewed. Pterygia were classified as vascular (26%), mixed (60%) and fibrous (14%) types. Immunohistochemistry on paraffin sections 4 /-Lm thick was performed using the avidin-biotin method as previously described?5 The sources and dilution of the antibodies used are shown in Table 1 . Non-immune murine serum (Dako) at the same dilution as the primary monoclonal antibody was used for negative control.
Immunohistochemical evaluation
The evaluation of immunostaining MT expression (nuclear and cytoplasmic) was calculated as a percentage of positive epithelial cells in relation to the total number in representative fields. Nuclear staining for Ki67 and PCNA was estimated as the percentage of positive cells in the total number of epithelial cells. Each sample was first scanned with a low magnification and at least 5 to 10 fields were assessed with a high-power magnification. The distribution (intraepithelial and extraepithelial-stromal cells) and the number of T helper/inducer (T4, CD4), T cytotoxic/suppressor cells (T8, CD8), macrophages (CD68) and Langerhans' (S100 positive cells) were calculated. The percentage of positive cells in at least 5 high-power representative fields (HPF X40 objective) was estimated for each sample section. Light microscopy sections were examined in masked fashion by two independent observers. They agreed in the majority of cases (kappa = 0.8). In the remaining cases, a re-estimation was done and final agreement was achieved.
Statistical analysis
All data were entered into a microcomputer and statistical analysis was performed using the SPSS statistical package. The association of continuous variables was confirmed using non-parametric test for several independent samples: Kruskal-Wallis one-way ANOV A. We also used the Spearman bivariable correlation. p values smaller than 0.05 were considered statistically significant. 
Results
The immunohistochemical localisation of MT has shown its rather ubiquitous presence in both cytoplasm and nuclei of the epithelial cells of pterygia (Figs. 1, 2) , pingueculae and conjunctivae. MT immunoreactivity was usually confined to the basal layers of the epithelium. T cells expressing the suppressor/cytotoxic phenotype (T8) were found mostly in the basal portion of the epithelium, but also in the upper stroma. The majority of T4 cells were in aggregates mostly under the epithelium. Macrophage (CD68) cell infiltrates were less prominent in epithelium and more in the stroma. Langerhans' cells (5-100) were found mostly in the it.{, mean; Me, median; Min, minimum; Max, maximum. correlation between MT immunopositive cells and epithelial and stromal (CD68) macrophages (r = 004, P < 0.001 and r = 0.3, P = 0.04, respectively). Furthermore MT expression was weakly but positively correlated with lymphocyte (T8) epithelial subsets (r = 0.3, P = 0.01). In addition a positive correlation was found between MT expression and Ki67 and PCNA score . (r = 0.5, P < 0.001 and r = 0.4, P < 0.001, respectively) ( Table 3 ; Figs. 5-9). We should also mention that no statistically Jignificant difference was found among pterygium MT expression and type of pterygium, pterygium recurrence, leX and occupation of the patients.
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In pinguecula, positive correlations were not statistically significant. We noted only a trend towards positive correlation with PCNA and Ki67 score (r = 0.5, P = 0.07 and r = 0.5, P = 0.05, respectively) ( Table 3) .
In conjunctiva, MT expression was positively correlated with stromal macrophages (S100) and epithelial T8 lymphocytes (r = 0.4, P = 0.01 and r = 0.5, P = 0.01, respectively). A positive correlation between MT expression and PCNA and Ki67 score was found too (r = 0.5, P = 0.04, r = 0.9, P < 0.001) ( Table 3) .
In all specimens PCNA expression paralleled Ki67 score, an observation which confirms the credibility of the two indices. ��------------------------------------------------------------------- 
METAlOPT Fig. 7 . Correlation between metallothionein (METALOPT) expression and PCNA in pterygium. Previous studies have confirmed that ambient levels of UV irradiation are capable of inducing immunohistochemically detectable MT in human skin (keratinocytes and dermal fibroblasts) in vivo. s The concurrent photoinduction of p53 tumour suppression protein after exposure of skin to UV A was also demonstrated. s Accumulating evidence suggests that MT has a photoprotective role, but it is currently unclear whether MT functions independently to the Ha-ras cytoplasmic protein kinase pathways or is activated as an· integral part of this response. s It is certain, though, that MT has a scavenger function for free radicals, so it may be partially responsible for the cellular protection against ionising radiation and alkylating agent cytotoxicity. 4 With all the above in mind, we hypothesise that the presence of MT in epithelial cells of normal conjunctiva 12 �----------------------------------------------------------------------- could play a photoprotective role, contributing to the cellular SOS response to UV, which is an ancient mechanism of universal importance.
On the other hand the existence of MT expression constitutively within normal conjunctival epithelium at 'basal' levels may justify the lack of a kinetic increase, and the similar expression of MT in lesions such as pinguecula and pterygium.
Previous studies suggest that if cellular DNA damage is mediated by free radicals, then MT induction may take on a functional significance through its radical scavenging properties.5 This might be expected to exert an 'anti-neoplasmic' effect by limiting chromosomal instability and hence the rate of clonal evolution. s As for pterygium, the positive correlation with chronic irradiation has long been known.14,lS,21-23 UV A induces production of multiple cytokines, interferon-'Y2 8 and reactive oxygen species, derived from endogenously present chromophores such as riboflavin, porphyrins, quinones and NADPH. These cause lipid peroxidation, cell membrane damage, denaturation of proteins and DNA damage -factors which may be potentially mutagenic or lead to cell death. Nevertheless there is not only evidence that suggests cells under stress are likely to overexpress MT as a protective response to the DNA damaging influence of hydroxyl radicals, but also findings which imply a relationship between MT and p53 expression.13 On the other hand, previous studies describing abnormal expression of p5329,30 as well as the apoptosis-inhibiting protein bcl_2,3o in the epithelium of pterygium, suggested that pterygium is a growth disorder rather than a simple degeneration. 29 Having all the data in mind, one wonders whether MT could exert an 'anti-neoplasmic' effect, through its radical ",avenging properties,S partly 'justifying' the benign or 'intermediate' characteristics of pterygium, as the lesion can be highly proliferative and invasive into the superficial cornea but never becomes corrosive or metastatic. All these hypotheses are to be tested in order to establish the possible role of MT in pterygium development.
In pterygium there is some statistically significant correlation between MT expression and immune cell scores, more with Langerhans' cells (SlOO) and macrophages (CD68) and less with lymphocyte subsets. The presence of immune cell subpopulations (Table 2) in pterygium is expected, as many previous studies have suggested that immunopathological mechanisms are responsible for the pathogenesis of pterygium. 1 7 ,19,20 On the other hand, it is known that endogenous factors such as cytokines, which are products of immunopathological disorders, are able to induce MT expressionY So the question that arises is whether the immune procedures in pterygium interact, more or less, with the induction of MT genes. This could be partly an alternative explanation for MT induction, specifically in pterygium, but of rather uncertain significance until there are more data available.
In addition, MT expression was positively correlated with proliferation-associated indices (PCNA, Ki67) in all three types of tissues (Table 3) . Our results correspond with previous findings suggesting that MTs are often associated with cell proliferation, especially through supply of zinc ions.3,10
In conclusion, we have confirmed the presence of metallothionein in normal nasal epibulbar conjunctiva, pinguecula and pterygium. We found no significant difference in the proportion of immunopositive cells between these three tissues. We have cited our speculations about the induction mechanisms of MT and its possible role. Further investigation and data would illuminate the role and importance of this small protein in the 'cross-talking' biochemical pathways of various molecules in the eye.
